Three experiments were conducted to determine the effects of increasing dietary standardized ileal digestible (SID) Lys on growing and finishing gilts. Diets in all 3 experiments were corn-soybean meal-based and contained 0.15% l-Lys•HCl and 3% added fat from choice white grease. Desired SID Lys concentrations were achieved by altering levels of corn and soybean meal in the diet. Each experiment consisted of 6 treatments with 7 pens per treatment and approximately 27 gilts (PIC 337 × 1050) per pen. In Exp. 1, 1,085 gilts (initially 38.2 kg) were fed diets formulated to contain SID Lys concentrations of 0.7, 0.8, 0.9, 1.0, 1.1, or 1.2% for 28 d, which were analyzed to be total Lys concentrations of 0.78, 0.86, 0.99, 1.06, 1.14, and 1.24%, respectively. As SID Lys increased, ADG and G:F improved (quadratic, P < 0.003) with optimal performance reached at the SID Lys level of 1.1% or SID Lys:ME ratio of 3.16 g/Mcal. Broken-line analysis indicated breakpoints of 1.03 and 1.05% SID Lys for ADG and G:F, respectively. Gilts in this trial required approximately 21.8 g of SID Lys intake per kilogram of BW gain from 38 to 65 kg. In Exp. 2, 1,092 (initially 55.2 kg) gilts were fed diets formulated to contain SID Lys concentrations of 0.66, 0.74, 0.82, 0.90, 0.98, or 1.06% for 28 d, which were analyzed to be total Lys concentrations of 0.75, 0.73, 0.84, 0.90, 0.95, and 0.97%, respectively. Both ADG (quadratic, P = 0.12) and G:F improved (linear, P < 0.001) as SID Lys increased, with broken-line analysis of ADG indicating a requirement estimate of 0.90%, which corresponds to a SID Lys:ME ratio of 2.58 g/Mcal. Gilts in this trial required approximately 19.6 g of SID Lys per kilogram of BW gain from 55 to 80 kg. In Exp. 3, 1,080 gilts (initially 84.1 kg) were fed diets formulated to contain SID Lys concentrations of 0.54, 0.61, 0.68, 0.75, 0.82, or 0.89% for 29 d, which were analyzed to be total Lys concentrations of 0.62, 0.92, 0.79, 0.99, 0.93, and 1.07%, respectively. As the SID Lys concentration increased, ADG and G:F improved (linear, P < 0.001), and performance responses were maximized at the greatest SID Lys level of 0.89% or SID Lys:ME ratio of 2.55 g/Mcal of ME. Gilts in this trial required 23.0 g of SID Lys per kg of BW gain from 85 to 110 kg. The ideal SID Lys:ME ratio was based on the requirement determined by broken-line analysis in Exp. 1, 2, and 3, with the greatest level being tested in Exp. 3. This equation, SID Lys:ME ratio = −0.011 × BW, kg + 3.617, estimates the optimal SID Lys:ME ratios for growth of gilts (PIC 337 × 1050) in this commercial finishing environment. These studies showed growth performance advantages to increasing SID Lys for growing and finishing gilts over previously reported optimal levels, particularly in the later finishing stages.
INTRODUCTION
Evaluating Lys requirements of the current high-lean pig genotypes is essential for generating cost-effective diets for growing and finishing pigs. Lysine requirements have been reported for lean genotypes (Cline et al., 2000; De La Llata et al., 2007; Main et al., 2008) , and prediction models have been generated to estimate the Lys requirement from growth and changes in body composition (Schinckel and de Lange, 1996; NRC, 1998; Smith et al., 1999) . These models estimate the energy requirement to meet the maintenance needs and compositional changes of the animal based on protein and lipid accretion rates. An ideal standardized ileal digestible (SID) Lys:ME ratio can be estimated on the basis of the requirement for Lys, as well as energy. In addition, the optimal SID Lys:ME ratio of a diet can be used over a range of dietary energy levels (Chiba et al., 1991; Bikker et al., 1994; De La Llata et al., 2001) .
Several nondietary factors, including sex, genotype, health status, and environmental conditions, affect the Lys requirement for growing and finishing pigs (Baker, 1986; Campbell and Taverner, 1988; Friesen et al., 1994b; Williams et al., 1997) . Therefore, empirical estimates under actual commercial production conditions are essential for confirming modeled estimates. Reevaluation of the requirements is also needed as progress is made in genetic lines. Thus, our objective was to reevaluate the optimal SID Lys concentration for gilts in a commercial environment fed a diet containing 3% fat and to compare the determined SID Lys and Lys:ME ratio requirements with those previously reported by Main et al. (2008) .
MATERIALS AND METHODS
All practices and procedures used in these experiments were approved by the Kansas State University Institutional Animal Care and Use Committee.
General
Three experiments were conducted to evaluate the effects of increasing SID Lys over a variety of BW ranges of growing and finishing gilts (337 × 1050; PIC, Hendersonville, TN) in a commercial finishing environment. All pigs received 2 full doses of a commercially available porcine circovirus type 2 (PCV2) vaccine (Circumvent PCV, Intervet Inc., Millsboro, DE) while in the nursery. After placement into the finisher and before the beginning of each experiment, pigs were placed on diets that met or exceeded the NRC (1998) nutrient requirements. These studies were conducted at a commercial finishing site (Pipestone, MN). The barns were double-curtain sided with completely slatted flooring and a deep pit for manure storage. The research barns contained 48 pens (3.05 × 5.49 m); each pen contained a 5-hole conventional dry feeder (STACO Inc., Schaefferstown, PA) and a cup waterer to allow ad libitum consumption of feed and water. An automated feeding system (FeedPro, Feedlogic Corp., Willmar, MN) was used to deliver and record feed amounts on an individual pen basis. These studies were conducted in the same facilities with the same genetic lines as previous studies by De La Llata et al. (2007) and Main et al. (2008) .
All dietary treatments were corn-soybean meal-based with 0.15% l-Lys•HCl and 3% added fat in the form of choice white grease. Treatment SID Lys concentrations were achieved by replacing corn with soybean meal. Dietary nutrient values for treatments were determined by using ingredient values from the NRC (1998). All other nutrients were formulated to meet or exceed the requirements of the animals (NRC, 1998) . Test diets were sampled in each experiment, and a single subsample of each diet was analyzed for AA concentrations. Dietary AA analysis was performed by a commercial company (Ajinimoto Heartland LLC, Chicago, IL) using HPLC as outlined by AOAC procedure (994.12; AOAC, 2000) .
In each experiment, pens of pigs (24 to 27 pigs per pen) were allotted to 1 of 6 dietary treatments in a completely randomized design with 7 pens per treatment. After randomization, treatment means for average initial BW and average pig numbers in each pen were then checked to ensure equality between the dietary treatments. During each experiment, pig BW (by pen) and feed disappearance were determined at approximately 14-d intervals to determine ADG, ADFI, G:F, daily SID Lys intake, and SID Lys intake per kilogram of BW gain. Formulated dietary SID Lys values were used to calculate Lys intake responses.
Exp. 1
A total of 1,085 gilts (initially 38.2 ± 0.4 kg) were used in this 28-d study conducted during September and October. Dietary treatments were formulated to contain SID Lys levels of 0.70, 0.80, 0.90, 1.00, 1.10, and 1.20%, which correspond to SID Lys:ME ratios of 2.01, 2.30, 2.58, 2.87, 3.16, and 3.45 g/Mcal, respectively (Table 1) . Pigs in this trial were negative for porcine reproductive and respiratory syndrome virus (PRRSv) at weaning. At the conclusion of the feeding period, the mean BW of all gilts was 63.9 ± 0.4 kg.
Exp. 2
A total of 1,092 gilts (initially 55.2 ± 0.4 kg) were used in this 28-d growth trial in May and June. Dietary treatments were formulated to contain SID Lys levels of 0.66, 0.74, 0.82, 0.90, 0.98 , and 1.06%, which correspond to dietary SID Lys:ME ratios of 1.89, 2.12, 2.35, 2.58, 2.81, and 3.04 g/Mcal, respectively (Table 2 ). To maintain a minimum SID Thr:Lys ratio of 62% and a SID Met and Cys:Lys ratio of 58%, l-Thr and dl-Met were added as needed. Pigs in this trial were PRRSv positive at weaning. At the conclusion of the feeding period, the mean BW of all gilts was 81.7 ± 0.5 kg.
Exp. 3
A total of 1,080 (84 to 110 kg) gilts (initially 84.1 ± 0.5 kg) were used in this 29-d experiment in November and December. Pigs used in this experiment were also used previously in Exp. 1. Dietary treatments were formulated to contain SID Lys levels of 0.54, 0.61, 0.68, 0.75, 0.82, and 0.89%, which correspond to dietary SID Lys:ME ratios of 1.55, 1.75, 1.95, 2.15, 2.35, and 2.55 g/Mcal, respectively (Table 3) . To maintain a minimal SID Thr:Lys ratio of 62%, l-Thr was added as needed.
Pigs in this trial were PRRSv negative at weaning. At the conclusion of the feeding period, the mean BW of all gilts was 110.5 ± 0.6 kg.
Statistical Analysis
In each experiment, treatments were arranged as a completely randomized design. An ANOVA was performed on the data from each experiment using the MIXED procedure (SAS Inst. Inc., Cary, NC) with the pen as the experimental unit in each experiment. Dietary Lys treatments were treated as fixed factors in the model, and contrast statements were then used to evaluate linear and quadratic polynomial effects associated with increasing the dietary SID Lys concentrations. Responses having a quadratic response were analyzed for a breakpoint according to procedures described by Robbins et al. (2006) . Breakpoint estimates were determined using a 1-slope or 2-slope broken-line regression model using the NLIN procedure of SAS (Robbins et al., 2006) .
RESULTS AND DISCUSSION
Analyzed AA for diets from Exp. 1, 2, and 3 are shown in Tables 4, 5 , and 6, respectively. Formulated diet values, using NRC (1998) nutrient values, are included in parentheses. For Exp. 1, the variation between calculated and analyzed values increased as Lys increased. The least Lys inclusion was 1.3% less than the calculated value and the greatest Lys inclusion was 7.46% less than the calculated value. In Exp. 2, the same trend was observed with increasing variation between analyzed and calculated values as Lys increased. Variation ranged from 0 to 18.5% below calculated values. However, AAFCO (2005) sets an acceptable permitted analytical variation of 20% on Lys analysis. In Exp. 3, the 0.61% SID Lys treatment exceeded this 5 Natuphos classic (BASF Corp., Florham Park, NJ) provided 300 phytase units of phytase/kg of complete diet. 6 Phytase provided 0.08% available P to the diet.
20% permitted analytical variation and was 33% above the formulated value. Despite this, ADG increased linearly, indicating that the unusually high analyzed value was probably a result of sampling error. In Exp. 1 (38-to 65-kg gilts), ADG and G:F improved (quadratic, P < 0.003, Table 7 ) with increasing SID Lys, with the greatest improvement through 1.1% SID Lys or 3.16 g of SID Lys/Mcal of ME. Brokenline analysis indicated breakpoints estimates of 1.03 and 1.05% SID Lys for ADG and G:F, respectively. Although the magnitude of response was relatively small, ADFI decreased (linear, P = 0.04) with increasing SID Lys. This decrease in feed intake may be related to the increases in dietary protein or the proportion of soybean meal in the diet. Main et al. (2008) observed similar decreases in feed intake as Lys increased in the diet of 35-to 60-kg gilts when soybean meal was used as the AA source. Daily SID Lys intake increased (linear, P = 0.001) with increasing dietary Lys. Lysine intake per kilogram of BW gain increased (quadratic, P = 0.001) with increasing dietary Lys. Optimal performance was achieved at 1.1% SID Lys or 3.16 g of SID Lys/Mcal of ME when pigs consumed 21.8 g of SID Lys per kg of BW gain. Main et al. (2008) observed a slightly reduced optimal total Lys:ME ratio of 3.23 g/Mcal (2.84 g of SID Lys/Mcal of ME) when gilts consumed 21.3 g of SID Lys per kg of BW gain. Friesen et al. (1994a) also evaluated the Lys requirement for 34-to 55-kg gilts and reported that performance was maximized at 2.75 g of apparent ileal digestible (AID) Lys/Mcal of ME, or approximately 2.95 g of SID Lys/Mcal of ME, by utilizing the NRC (1998) digestibility coefficients for corn-soybean meal diets. This indicates that based on formulated values, 35-to 60-kg gilts have a greater Lys requirement than previously reported.
In Exp. 2 (55-to 80-kg gilts), ADG, G:F, and final BW improved (linear, P < 0.05, Table 8 ) as SID Lys increased in the diet. The greatest improvement in ADG A total of 1,085 gilts (PIC 337 × 1050; PIC, Hendersonville, TN) were housed and fed diets with approximately 27 pigs per pen and 7 replications per treatment in a 28-d trial. Corresponding SID Lys:ME were 2.01, 2.30, 2.58, 2.87, 3.16, and 3.45 g/Mcal, respectively. Pigs in this trial were porcine reproductive and respiratory syndrome virus negative at weaning. and G:F was observed as SID Lys:ME ratio increased to 0.90% SID Lys, and there was a small numeric increase in ADG at 0.98% SID Lys. A tendency for a quadratic response (P = 0.12) in ADG was observed as SID Lys increased in the diet. Broken-line analysis showed a breakpoint of 0.90% SID Lys for ADG. No differences were detected for ADFI. Therefore, daily SID Lys intake increased (linear, P = 0.001) as dietary SID Lys increased. Standardized ileal digestible Lys intake per kilogram of BW gain also increased (linear, P = 0.001) as Lys density of the diets increased. Based on the broken-line requirement estimate of 0.90% SID Lys or 2.58 g of SID Lys/Mcal of ME, approximately 19.6 g of SID Lys was required for each kilogram of BW gain. These data illustrate that 0.90% SID Lys or 2.58 g of SID Lys/Mcal of ME provides the optimal growth for 55-to 80-kg gilts. Main et al. (2008) determined a slightly reduced optimal requirement of 2.44 g of SID Lys/Mcal of ME for 60-to 85-kg gilts, which translated to 21.0 g of SID Lys per kilogram of BW gain. Friesen et al. (1994a) , however, observed a slightly greater optimal requirement of 2.46 g of AID Lys/Mcal of ME (2.72 g of SID Lys/Mcal of ME) in 55-to 72.5-kg gilts. Therefore, based on formulated values, the optimal SID Lys:ME ratio in Exp. 2 was similar to previous trials.
In Exp. 3 (84-to 110-kg gilts), ADG and G:F improved (linear, P < 0.001, Table 9 ) with increasing SID Lys. Feed intake was not affected by increasing dietary Lys. Final BW, daily SID Lys intake, and SID Lys intake per kilogram of BW gain increased (linear, P < 0.001) with increasing SID Lys. In Exp. 3, optimal growth responses occurred at the greatest Lys content evaluated (0.89% SID Lys or 2.55 g of SID Lys/Mcal of ME). Main et al. (2008) determined an optimal SID Lys:ME ratio of 1.90 g/Mcal for 100-to 120-kg gilts that were consuming 19.4 g of SID Lys per kilogram of BW gain. By estimating the amount of fat-free lean gain within the feeding period, Main et al. (2008) also predicted a similar requirement of 1.96 g of SID Lys/Mcal of ME. Friesen et al. (1995) observed optimal performance in 104-to 136-kg gilts when 2.16 g of AID Lys/Mcal of ME was provided. On the basis of NRC (1998) digestibility coefficients, the optimal SID Lys:ME ratio observed by Friesen et al. (1995) would be 2.29 g/Mcal. However, both starting and ending pig BW were heavier in both Main et al. (2008) and Friesen et al. (1995) than pigs in our study, which may explain the reduced requirement.
Based on formulated Lys values, advantages to increasing the SID Lys:ME ratio above that reported as optimal by Main et al. (2008) were observed in Exp. 1 and 3; however, the optimal SID Lys:ME ratio observed in Exp. 2 was similar to current recommendations. One of the distinct differences between pigs in Exp. 1 and 3 and those in Exp. 2 was PRRSv status. Pigs in Exp. 1 and 3 were weaned without any evidence of PRRS infection, whereas those in Exp. 2 were PRRSv positive. Williams et al. (1997) showed that healthier pigs require increased dietary Lys because of increased potential for protein deposition compared with pigs with chronic immune stimulation. Klasing and Austic (1984) also showed an increase in skeletal muscle catabolism in broiler chicks that were injected with either sheep red blood cells or Escherichia coli compared with chicks injected with saline. Immune responses alter the composition of growth because skeletal muscle accretion is reduced to a greater degree than visceral growth, resulting in decreased yields of lean tissue (Klasing and Korver, 1997) . Therefore, pigs in Exp. 2 may have not responded to high dietary Lys levels because of decreased potential for protein deposition from the PRRSv infection.
One possible explanation for the increase in response to greater dietary Lys is vaccination against PCV2. Porcine circovirus type 2 vaccine has been shown to reduce mortality and improve overall performance of finishing pigs (Horlen et al., 2008; Jacela et al., 2008; Potter et al., 2008) . As mentioned earlier, healthy pigs have increased daily dietary Lys needs because of increased lean tissue deposition; however, healthy pigs also have increased daily feed intake (Williams et al., 1997) . The increased feed intake may or may not satisfy the need of the pigs for additional dietary Lys. The effect of PCV2 vaccination on the SID Lys:ME requirement should be evaluated to determine whether vaccinated pigs require more SID Lys/megacalorie of ME than nonvaccinated pigs to meet their enhanced needs for protein deposition.
Another explanation for the response to greater SID Lys:ME ratios may be that increased BW gain was not reflective of increased lean mass growth. Johnston et al. (2009) observed increases in growth and efficiency when feeding Lys at greater than previously defined optimal levels; however, carcass yield was reduced with increasing Lys with no differences in primal cut weights. Johnston et al. (2009) concluded that wholebody growth from increasing dietary Lys did not translate into increased lean growth. This is not always the case; Cline et al. (2000) showed increasing dietary Lys for 55-to 116-kg gilts did not affect yield, and growth performance was optimized at 0.80% total Lys, whereas estimated fat-free lean index increased linearly through the highest level of 1.40% total Lys. Figure 1 depicts prediction equations for the ideal SID Lys:ME ratio, based on formulated values, obtained by plotting the optimal level in each of our 3 studies against the midpoint of BW. The ideal SID Lys:ME ratio was based on the requirement determined by broken-line analysis in Exp. 1, 2, and 3 with the greatest level being tested in Exp. 3. This equation, SID Lys:ME ratio = −0.011 × BW, kg + 3.617, estimates the optimal SID Lys:ME ratios for growth of gilts (PIC 337 × 1050) in this commercial finishing environment. Prediction equations for the optimum SID Lys:ME ratios from Main et al. (2008) over time because each of these studies was conducted in the same facilities with similar genetic lines. The rate of change in the SID Lys:ME ratio as BW increases was reduced in our experiment compared with the 2 aforementioned studies.
Formulated values indicate that optimal SID Lys level and SID Lys:ME ratios for 38-to 65-kg gilts is 1.1% and 3.16 g/Mcal, respectively, and 0.9% and 2.58 g/ Mcal, respectively, for 55-to 80-kg gilts. It seems that the Lys requirement for in late finishing has increased because 84-to 100-kg gilts responded linearly through the highest level of 0.89% SID Lys. Additional research is warranted to evaluate factors influencing the response to increased levels of dietary Lys fed to PRRSvnegative pigs that have also been vaccinated for PCV2.
